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Duchenne Muscular Dystrophy (DMD) is the most common mus- 
cle disease in children. Historically, DMD results in loss of ambu- 
lation between ages 7 and 13 years and death in the teens or 20s. 
In order to determine whether survival has improved over the 
decades and whether the impact of nocturnal ventilation com- 
bined with a better management of cardiac involvement has been 
able to modify the pattern of survival, we reviewed the notes of 
835 DMD patients followed at the Naples Centre of Cardiomyol- 
ogy and Medical Genetics from 1961 to 2006. Patients were divid- 
ed, by decade of birth, into 3 groups: 1) DMD born between 1961 
and 1970; 2) DMD born between 1971 and 1980; 3) DMD born 
between 1981 and 1990; each group was in turn subdivided into 
15 two-year classes, from 14 to 40 years of age. Age and causes of 
death, type of cardiac treatment and use of a mechanical ventila- 
tor were carefully analyzed. 

The percentage of survivors in the different decades was statis- 
tically compared by chi-square test and Kaplan-Meier survival 
curves analyses. A significant decade on decade improvement in 
survival rate was observed at both the age of 20, where it passed 
from 23.3% of patients in group 1 to 54% of patients in group 
2 and to 59,8% in patients in group 3 (p < 0.001) and at the age 
of 25 where the survival rate passed from 13.5% of patients in 
group 1 to 31.6% of patients in group 2 and to 49.2% in patients 
in group 3 (p < 0.001). 

The causes of death were both cardiac and respiratory, with a 
prevalence of the respiratory ones till 1980s. The overall mean 
age for cardiac deaths was 19.6 years (range 13.4-27.5), with an 
increasing age in the last 15 years. The overall mean age for respi- 
ratory deaths was 17.7 years (range 11.6-27.5) in patients without 
a ventilator support while increased to 27.9 years (range 23-38.6) 
in patients who could benefit of mechanical ventilation. 
This report documents that DMD should be now considered 
an adulthood disease as well, and as a consequence more pub- 
lic health interventions are needed to support these patients and 
their families as they pass from childhood into adult age. 
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Background 

Duchenne Muscular Dystrophy (DMD) is the most 
common inherited muscle disease in children. It is char- 
acterized by slow, progressive atrophy and muscle weak- 
ness, and by wasting of skeletal, smooth, and cardiac 
muscle (1,2). It is inherited as an X-linked recessive dis- 
order (Xp2.1), caused by mutations in the DMD gene on 
the X chromosome (3), which leads to the complete ab- 
sence of the cytoskeletal protein dystrophin in both skel- 
etal and cardiac muscle fibres (4). 

Symptoms usually appear before age 6 but may ap- 
pear as early as in infancy. They may include fatigue, 
muscle weakness, difficulty with motor skills (running, 
hopping, jumping), frequent falls, progressive difficulty 
in walking, learning difficulties (the IQ can be below 
75) and mental retardation. Cardiac dysfunction is a fre- 
quent manifestation of DMD and a common cause of 
death (1, 5-7), as is also respiratory failure. Breathing dif- 
ficulties usually start by the age of 20 (1, 8). 

The diagnosis of Duchenne Muscular Dystrophy 
is usually suspected on the basis of the physical ex- 
amination, family history and laboratory tests (creat- 
ine kinase levels more than 100-200 times normal) and 
confirmed by genetic (9-12) or immuno-histochemical 
analysis (13, 14). Although respiratory failure in DMD 
is one of the major causes of morbidity and mortality, 
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there is inadequate awareness of its treatable nature. Ad- 
vances (15-19) in the respiratory care of DMD patients 
have improved the outlook for these patients, and many 
caregivers have changed from a traditional non-inter- 
ventional approach to a more intensive, supportive ap- 
proach (20-22). Despite the availability of new technol- 
ogies to assist patients with DMD, many families do not 
receive sufficient information regarding their options in 
diagnosis and management of respiratory insufficiency. 
Most part of the literature in medicine and neurology re- 
ports that DMD has still an unfavourable prognosis and 
a reduced life expectation, with death usually occurring 
at the beginning of adult life (20 years). This probably 
because no curative treatment is yet available. However 
this does not mean that DMD is an untreatable disease 
as surgery can be used to correct the deformities of the 
inferior limbs and scoliosis (23), mechanical ventilation 
- prevalently nocturnal - is beneficial for the treatment 
of the restrictive respiratory insufficiency (24-30) and 
treatment with steroids (deflazacort) and ACE-inhibitors 
is effective in improving muscle strength and the period 
of autonomous ambulation (31-36) and in preventing or 
improving cardiomyopathy (37-40). 

The aim of the work was to determine to what extent 
the survival of DMD patients has improved over the past 
decades, and to quantify how the major forms of treat- 
ment, i.e. nocturnal ventilation, better management of 
cardiac involvement and administration of steroids have 
been able to modify the pattern of survival. 

Patients and methods 

To this aim, the notes of 835 DMD patients - fol- 
lowed at the Centre of Cardiomyology and Medical Ge- 
netics of the Second University of Naples from 1961 to 
2006 - were retrospectively and systematically reviewed. 
The greatest part of the patients (80%) originated from 
the Campania Region; 15% from Southern and 5% from 
Northern and Central Italy. 

The diagnosis of the disease, originally based on a 
typical family history and the pattern of inheritance, on 
increased values of serum creatine kinase, and on the 
dystrophic process as evidenced in muscle biopsies, was 
supported by genetic analysis since 1990. Treatment with 
steroids (deflazacort), ACE inhibitors and non-invasive 
mechanical ventilation was introduced in our Centre, as 
part of taking care of DMD patients, at the beginning of 
the 1990s. 

Patients with incomplete notes or without routine 
follow-up at this Centre (145) and patients with a diag- 
nosis of Duchenne muscular dystrophy not confirmed by 
molecular or immunohistochemical analysis (174) were 
excluded. 



The remaining 516 patients - including familial 
cases where the molecular diagnosis was retrospectively 
assigned - were subdivided, by decade of birth, into 3 
groups: 1) DMD born between 1961 and 1970; 2) DMD 
born between 1971 and 1980; 3) DMD born between 1981 
and 1990. We decided that a follow-up of at least 25 years 
was sufficient to include all patients who had already 
died. Age and causes of death were carefully analyzed, as 
well as the type of treatment performed (i.e. mechanical 
ventilation and/or pharmacological therapy). The study 
design was approved by the local ethical committee. 

Statistical analysis 

Kaplan-Meier curves were computed to determine 
median survival. SYSTAT software (Systat Software, San 
Jose, CA) was used to calculate survival curves and to 
construct graphs for each group. The percentage of survi- 
vors among the three decades was statistically compared 
by chi-square test and Kaplan-Meier survival analyses. 

Results 

The study deals with the notes of 516 Duchenne 
patients. An analysis of familial versus sporadic cases, 
showed that the percentage of familial cases decreased (5) 
from the first two decades (59,6%) to the more recent one 
(20%), with a parallel increase in percentage of sporadic 
cases (from 38,5% to 75-80%). The differences were sta- 
tistically significant (p < 0,001). This condition is prob- 
ably the result of an effective genetic counselling intro- 
duced in our Centre since 1977. 

Results of genetic analysis were available for 371 of 
516 patients (71.8%); in 35 familial cases the molecu- 
lar diagnosis was retrospectively assigned. As expected, 
deletions were the most frequent cause of mutations in 
DMD patients. They represented 69.3% of the cases, in- 
volving 1 to 33 exons, and were prevalently distributed 
into the gene hotspots (41-44). Duplications were found 
in 14.8% of DMD patients, while point-mutations were 
observed in 16% of patients (45). Taken together, we 
were able to identify dystrophin gene mutation in 406 out 
of 516 (78.7%) cases (46). In the remaining 110 patients, 
the diagnosis of DMD was confirmed by an immunohis- 
tochemical analysis that demonstrated the complete ab- 
sence of dystrophin in the muscle fibers. 

The curves of survival showed a decade on decade 
improvement in survival (Fig. 1). At the age of 20, the sur- 
vival rate was 23.3% in DMD patients born in the 1960s, 
54% in those born in the 1970s, and 59.8% in those born 
in the 1980s (Fig. 2), with log-rank tests showing a signifi- 
cant difference between the 3 survival curves (p < 0.001). 
At the age of 25, the survival rate was 13.5% in DMD 
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patients born in the 1960s, 31.6% 
in those born in the 1970s, and 
49.2% in patients born in the 
1980s (p < 0.001). Of course, for 
the last decade, data are partial as 
they are limited to patients that 
are already 25 years of age. 

The causes of death were ei- 
ther cardiac or respiratory, with 
a prevalence of the respiratory 
causes till the 1980s. The overall 
mean age for cardiac deaths was 
19.6 years (range 13.4-27.5). 

An increase in the age of 
death for cardiac failure was 
observed in patients who died 
in the last 15 years. The overall 
mean age for respiratory deaths 
was 17.7 years (range 11.6-27.5) 
in patients without a mechanical 
ventilatory support. It increased 
to 27.9 years (range 23-38.6) in 
patients who could benefit from 
mechanical ventilation (Fig. 3). 
The differences are statistically 
significant (p < 0.001). 

Discussion 
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Figure 1. Survival curves (Kaplan-Meier) showing the survival decade from the 
1960s to 1990s. 
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Duchenne muscular Dystro- 
phy is considered a progressive 
disease with an unfavourable 
prognosis and a limited life ex- 
pectancy, calculated at the begin- 
ning of the adult age (20 years). 
However in the last 10 years sev- 
eral groups have demonstrated an 
improvement of survival due to a 
more comprehensive therapeutic 
approach. 

Eagle and co-workers (24), 
in reviewing in 2002 the notes of 
197 DMD patients - whose treat- 
ment was managed at the New- 
castle Muscle Centre from 1967 
to 2002 - reported a significant 
decade on decade improvement in survival, with 14.4 
years as mean age of death in the 1960s, and 25.3 years 
for those ventilated since 1990. In their series, cardiomy- 
opathy significantly shortened life expectancy from 19 
years to a mean age of 16.9 years. The authors concluded 
that a better coordinated care has been able to improve 
the chances of survival to 25 years, from 0% in the 1960s 
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Figure 2. Survival at 20 years, according to the decade of birth. 



to 4% in the 1970s and to 12% in the 1980s. Nocturnal 
ventilation had further improved this chance to 53% for 
those ventilated since 1990. In a second article appeared 
in 2007 (27), the authors reported an additional improve- 
ment to 30 years when spinal surgery was combined 
with nocturnal ventilation. It remains controversial by 
which way mechanical ventilation should be performed. 
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In fact, the school of Bach (30) is 
in favour of a protocol including 
non-invasive ventilation (NIV), 
mechanically assisted cough and 
oximetry, obviating tracheotomy. 
Conversely, the school of Rideau 
demonstrates that mini-tracheot- 
omy is able to stabilize the vital 
capacity in DMD patients, avoid- 
ing criticisms during intercurrent 
respiratory infections and re- 
ducing the needs of hospitaliza- 
tion (20-22). 

Our data confirm those pub- 
lished by other groups on noc- 
turnal ventilation, and show that 
- despite this disorder has not a 
causative therapy - it cannot be 
considered an incurable disease. 
The best management of the fore- 
most respiratory complications can in fact improve the 
life expectancy of these patients, approximately doubling 
the years of life, as observed in our and in other groups of 
long experience (24-30). 

Compared with the study of Eagle et al., our data show 
an increased age of death for patients having cardiomyopa- 
thy. The fact that our group paid its main attention always 
to cardiac problems probably explains such a behaviour. Of 
course we are aware of the fact that the target for future ge- 
netic therapies must be the heart, because cardiomyopathy 
remains the major cause of death, shortening life expect- 
ancy in these patients significantly (24, 47-49). 

Research is in progress to clarify whether genetic fac- 
tors (dystrophin-gene related or independent) are able to 
modify the clinical evolution of the disease (49, and per- 
sonal data), and then the duration of life of DMD patients. 
Furthermore, these data underline that Duchenne Dystro- 
phy is not exclusively a child pathology, but has become an 
adult disease, needing interventions from the health author- 
ities in favour of the patients and their families, especially 
in the phase of transition between infancy and adult age. 
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